Introduction
Since water splitting catalyzed by TiO 2 was discovered in 1972 [1] , photocatalysis has attracted far-ranging attention from both academic and industrial organizations [2] [3] [4] [5] [6] . In particular, water splitting by the photocatalytic approach has been considered as a highly promising process to obtain clean and renewable H 2 source [5] [6] [7] [8] [9] [10] [11] [12] [13] . Presently, TiO 2 was known as the most common photocatalyst for water splitting. However, TiO 2 could only split water under ultraviolet light irradiation which only occupy less than 5% of the whole sunlight. Moreover, ultraviolet light only occupied 4% of sunlight, which was a restrained factor for photocatalysis technology with TiO 2 as catalyst. Therefore, some efficient catalysts which could generate electron-hole pairs under visible light irradiation should be developed because visible light occupied 43% of sunlight.
Fortunately, A 2 B 2 O 7 compounds were often considered to own better photocatalytic properties under visible light irradiation [14, 15] . In our previous work [14] , we had found that Bi 2 GaVO 7 crystallized with the tetragonal crystal system and could split pure water into hydrogen under ultraviolet light irradiation and seemed to have potential for improvement of photocatalytic activity by modification of its structure. According to above analysis, we could assume that the substitution of Bi 3+ by In 3+ , Gd 3+ or Y 3+ , and the substitution of Ga 3+ by Yb 3+ , and the substitution of V 3+ by Sb 5+ in Bi 2 GaVO 7 might increase carriers concentration. As a result, a change and improvement of the electrical transportation and photophysical properties could be found in the novel In 2 YbSbO 7 , Gd 2 YbSbO 7 , or Y 2 YbSbO 7 compound which might own advanced photocatalytic properties.
In 2 YbSbO 7 , Gd 2 YbSbO 7 , or Y 2 YbSbO 7 had never been produced and the data about their structural and photophysical properties such as space group and lattice constants had not been found previously. In addition, the photocatalytic properties of In 2 YbSbO 7 also seemed to have potential for improvement of photocatalytic activity by modification of its structure because it had been proved that a slight modification of a semiconductor structure would result in a remarkable change in photocatalytic properties [16] .
In YbSbO 7 , the precursors were stoichiometrically mixed, then pressed into small columns and put into an alumina crucible (Shenyang Crucible Co., Ltd., China). Finally, calcination was carried out at 1320
• C for 65 h in an electric furnace (KSL 1700X, Hefei Kejing Materials Technology Co., Ltd., China). The crystal structure of In 2 YbSbO 7 , Gd 2 YbSbO 7 , or Y 2 YbSbO 7 was analyzed by the powder Xray diffraction method (D/MAX-RB, Rigaku Corporation, Japan) with CuKα radiation (λ = 1.54056). The data were collected at 295 K with a step-scan procedure in the range of 2θ = 10-100
• . The photocatalytic water splitting was conducted under visible light irradiation in a gas closed circulation system with an inner-irradiation-type reactor (quartz cell). A light source (300 W Xe arc lamp, Beijing Dongsheng Glass Light Source Factory, China) with the incident photon flux I o of 0.056176 umol cm −2 s −1 was focused through a shutter window and a 420 nm cutoff filter onto the window face of the cell. The gases evolved were determined with a TCD gas chromatograph (6890 N, Agilent Technologies, USA), which was connected to the gas closed circulation system. Before reaction, the closed gas circulation system and the reaction cell were degassed until O 2 Y 2 YbSbO 7 was found to be at 419 nm, which belonged to the visible region of the spectrum. Clearly, the obvious absorption (defined hereby as 1-transmission) did not result from reflection and scattering. Consequently, the apparent absorbance at subbandgap wavelengths (520 to 800 nm for In 2 YbSbO 7 , 530 to 800 nm for Gd 2 YbSbO 7 , and 428 to 800 nm for Y 2 YbSbO 7 ) was higher than zero. For a crystalline semiconductor, the optical absorption near the band edge followed the equation:
n [17, 18] . Here, A, α, E g , and ν were proportional constant, absorption coefficient, bandgap, and light frequency, respectively. Within this equation, n determined the character of the transition in a semiconductor. E g and n could be calculated by the following steps: (i) plotting 7 . Generally speaking, the semiconductor photocatalysis started from the direct absorption of suprabandgap photons and the generation of electron-hole pairs in the semiconductor particles. Subsequently, the diffusion of the charge carriers to the surface of the semiconductor particle was followed. Under visible light irradiation, we measured H 2 and O 2 evolution rate by using In 2 YbSbO 7 , Gd 2 YbSbO 7 , and Y 2 YbSbO 7 as photocatalysts from CH 3 OH/H 2 O and AgNO 3 /H 2 O solutions, respectively. Wavelengths (λ) dependence of the photocatalytic activity under light irradiation from full arc up to λ = 420 nm was measured by using different cutoff filters. Figure 3 shows the photocatalytic H 2 evolution from aqueous methanol solution with Y 2 YbSbO 7 , In 2 YbSbO 7 , or Gd 2 YbSbO 7 as catalyst under visible light irradiation (λ > 420 nm, 0.5 g 0.1 wt% Pt-loaded powder sample, 50 mL methanol solution, 200 mL pure water). It could be found from Figure 3 Figure 7 shows effect of Pt, NiO, and RuO 2 cocatalysts on the photoactivity of In 2 YbSbO 7 under visible light irradiation (λ > 420 nm, 0.5 g powder sample, 50 mL methanol solution, 200 mL pure water). In principle, the photoinduced electrons preferentially enriched on the surface of cocatalyst particles and the recombination of the photoinduced electrons with the photoinduced holes were therefore markedly suppressed. It could be found from Figure 7 that in the first 28 h under visible light irradiation, the rate of H 2 evolution was estimated to be 9.471 μmol h It was known that the process for photocatalysis of semiconductors was the direct absorption of photon by bandgap of the materials and generated electron-hole pairs in the semiconductor particles, and the excitation of an electron from the valence band to the conduction band was initiated by light absorption with energy equal to or greater than the bandgap of the semiconductor. Upon excitation of photon the separated electron and hole could follow surface of solid. This suggested that the the narrow bandgap was easier to excite an electron from the valence band to the conduction band. If the conduction band potential level of the semiconductor was more negative than that of H 2 evolution, and the valence band potential level was more positive than that of O 2 evolution, decomposition of water can occur even without applying electric power [1] Since an efficient photocatalytic reaction process occurred on the photocatalyst surface, the increase of the surface area for the photocatalysts might result in the increase of their photocatalytic activity.
Conclusion
In the present work we prepared single phase of 
